Introduction
============

Chronic kidney disease (CKD) is a common condition with a prevalence rate of 11.9%; it accounts for 0.32% of advanced-stage diseases in Taiwan ([@ref-33]). CKD is often associated with poor health outcomes and has become a major public health concern ([@ref-2]; [@ref-14]). Disability is one of the poor outcomes of CKD ([@ref-2]; [@ref-30]). A multidimensional approach, including a disability assessment, has been suggested to evaluate patients with CKD ([@ref-32]). Disability means loss of independence in daily living activities and inability to perform tasks such as grocery shopping, housekeeping, and walking, which require certain levels of physical function ([@ref-1]). Some evidence has indicated that disability may develop even in the early stages of CKD ([@ref-10]; [@ref-16]; [@ref-32]).

Disability has been studied in depth using questionnaires related to activities of daily living (ADL), including basic activities of daily living (BADL), or instrumental activities of daily living (IADL) ([@ref-2]; [@ref-8]). Researchers of elderly populations have reported that performance-based measures of ADL function are more likely to detect early deficits in ADL function than are self-reported ADL questionnaires ([@ref-25]; [@ref-27]), particularly in the IADL domain. Therefore, performance-based measures of ADL should be optimal for early detection.

The Taiwan performance-based IADL (TPIADL) is a performance-based assessment of IADL. All skill areas in the TPIADL are central to independent community living in any population with a low educational level. A minimal level of motor skill is required to perform all the tasks. For example, an item regarding cooking required a dish's ingredients to be named instead of assessing skills required for meal preparation. Because the assessment has an administration duration of 3--5 min and because only simple test materials are required, the task is suitable for clinical assessment in studies of large samples. It also has an established validity, indicating that the TPIADL is sensitive to impairment ([@ref-7], [@ref-6]).

Furthermore, early identification of disability-associated factors is critical for interventions that are tailored for predialysis patients with CKD ([@ref-13]). Functional fitness is the ability to perform everyday activities in a safe and independent manner without undue fatigue ([@ref-26]). Functional fitness has been reported to be a promising measure to detect early disability ([@ref-11]). Older adults with high muscle strength and cardiopulmonary endurance had a lower risk of ADL disability ([@ref-9]; [@ref-19]). However, the association between IADL function and the functional fitness levels of patients with CKD still requires elaboration.

This study used separate performance-based and traditional self-reported measures to evaluate disability levels in community-dwelling predialysis patients with advanced-stage CKD. We also explored the associations of disability with functional fitness in terms of upper extremity strength, lower extremity strength, and cardiorespiratory fitness.

Methods
=======

Study design and participants
-----------------------------

This study was a case-control study at a university teaching hospital. The study protocol was approved by the Institutional Review Board of the Kaohsiung Medical University Hospital (KMUH-IRB-20120203). Written informed consent was obtained from all participants and all clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki. The inclusion criteria were patients with CKD who (1) were aged ≥50 years; and (2) met the criteria for CKD according to the kidney disease outcomes quality initiative definitions, had an estimated glomerular filtration rate (eGFR) assessed using the four-variable modification of diet in renal disease study equation ([@ref-18]), and had advanced CKD (stage 4 or 5) with an eGFR \<30 mL/min/1.73 m^2^. A non-CKD control group was recruited through an advertisement at the hospital, and the inclusion criteria were participants who (1) were aged ≥50 years; and (2) did not have a clinical history of CKD. The exclusion criteria for all participants were as follows: history of dialysis, previous renal transplantation, major neurological disorders including dementia, and severe or acute physical illness that hampered their completion of the functional fitness tests. Body mass index was calculated as weight (kilograms) divided by the square of height (meter). Physical activity was evaluated using a Chinese version of physical activity questionnaire to record the average participation time of three categories of everyday exercise. Activity was defined as level of metabolic equivalent of task (MET) and was scored and classified into three groups: \<3 METs---light activity; 3--6 METs---moderate activity; and \>6 METs---high activity. ICD-9-CM diagnosis codes were used to define the presence of comorbidities with CKD, such as diabetes, high blood pressure, and cardiovascular disease. The disability and functional fitness assessments were collected in an outpatient setting. One licensed and trained nurse (the second author) conducted the disability and functional fitness assessments by following a standardized procedure under the supervision of a licensed occupational therapist (the first author).

Disability assessment
---------------------

In the present study, performance-based (TPIADL) and self-reported (Lawton--Brody IADL Scale and Barthel Index (BI)) measures of ADL and physical function assessment were employed. The TPIADL ([@ref-7]) was designed to assess performance-based IADL in five tasks: communication, finance, cooking, shopping, and medicine use. Each task was limited to 30 s. For each task, the examiner used a digital stop watch to record the time taken to complete the task. The scoring was defined as follows: if the activity was completed accurately and within 30 s, a score of 1 was given. A score of 2 meant that the participant responded erroneously within or exceeding 30 s but corrected themselves after a verbal cue. A score of 3 meant that the participant had an erroneous response that exceeded the time limit and was not able to correct their response even when a verbal cue was given. Total scores ranged from 5 to 15, with a high score indicating low performance or capacity in IADL. Time spent completing all five tasks of the TPIADL was calculated. The Lawton--Brody IADL Scale ([@ref-17]) is an eight-item questionnaire that assesses the following tasks: using a telephone, using public transportation, managing finances, shopping, taking medicine, food preparation, housekeeping, and washing laundry. The possible score ranges from 0 to 24; a low score is indicative of poor functioning. The self-reported BI ([@ref-21]) was used to measure functional independence in basic ADL performance in this study. The BI comprises 10 BADL tasks: feeding, bathing, grooming, dressing, bowel control, bladder control, toilet use, transferring, mobility, and stair use. The possible score ranges from 0 to 100; a low score is indicative of poor functioning ([@ref-29]).

Functional fitness assessments
------------------------------

In this study, functional fitness was expressed through upper body strength, lower body strength, and cardiopulmonary endurance. This study used a handgrip test, a 30-second chair-stand test (30-s CST), and a 2-minute step test (2MST) as indices of functional fitness. A handgrip dynamometer (Takei scientific instruments Co., Ltd, Niigata City, Japan) was used as an indicator of upper extremity muscle strength. After explaining the procedure to the study participants and providing a demonstration, they were asked to hold the handgrip dynamometer in their dominant hands in a sitting position with their elbows flexed at 90°. Two consecutive measurements were performed for assessment. The mean of the maximal values for each hand was used for analysis ([@ref-12]). The handgrip muscle strength was recorded in kilograms, as indicated by the pointer on the dynamometer. The 30-s CST ([@ref-15]) assessed the number of sit-to-stand repetitions completed in 30 s and served as a proxy indicator of lower-limb muscle strength. A standard chair without arm rests (height 43 cm) was used. The 2MST measured cardiorespiratory endurance and was scored by quantifying the number of full steps completed in 2 min. For each step, the participants were required to raise each knee to the required stepping height. A mark was placed on a wall at a height corresponding to the midpoint between the participants' standing patella and iliac crest height ([@ref-4]), with the participants needing to raise their knee to this height for each step to be counted. The score was the number of successful right knee raises at the required height. The order of test administration was not predetermined, and was based on equipment and tester availability. Participants' exercise capacity was also evaluated using a questionnaire to record exercise form and duration.

Data analysis
-------------

Descriptive analyses were completed and presented as means and standard deviations for continuous data and as percentages for categorical data. A Chi-squared test was used to compare sex and comorbidity differences between participants with and without CKD, and a *t*-test was used to examine differences in their age and education level. Group comparison for the TPIADL, Lawton--Brody IADL, BI, 2MST, handgrip and 30-s CST scores was performed using analysis of covariance (ANCOVA) to adjust for age, sex, education duration. Because the distribution of the TPIADL scores of the participants with CKD was skewed, the TPIADL was dichotomized as with disability (scored as "\>5") or without disability (scored as "5") for clinical correlation analyses. General linear modeling was used to determine the associations between disability parameters (dependent variables) and functional fitness tests (independent variables), with adjustments for age, sex, and physical activity (yes/no exercise). All statistical tests were two-sided, and results were considered significant at *p* \< 0.05. Statistical analyses were conducted using SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
=======

Participants' characteristics
-----------------------------

[Table 1](#table-1){ref-type="table"} presents comparisons of demographic and clinical data, performance-based and self-reported ADL measurements, and functional fitness test results among the 99 participants with CKD (50 stage 4, 49 stage 5) and among the 57 non-CKD subjects (the non-CKD group). No significant differences in age (*p* = 0.36) or sex (*p* = 0.31) were discovered between the CKD and non-CKD groups. The CKD group had a lower education duration (*p* \< 0.01) and exercise capacity than the non-CKD group (*p* \< 0.01). The CKD group had a higher rate of diabetes (*p* \< 0.01), high blood pressure (*p* \< 0.01), and hyperlipidemia (*p* \< 0.01) than the non-CKD group, but no significant differences existed in the prevalence of cardiovascular disease (*p* = 0.25) and osteoarthritis (*p* = 0.57) between the CKD and non-CKD groups. The CKD group had a higher rate of overall comorbidity than the non-CKD group.
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###### Demographic and clinical characteristics of participants with and without CKD.

![](peerj-06-5286-g001)

                                         CKD (*n* = 99)   Non-CKD (*n* = 57)   *t* or χ^2^ or *F*   *p*-Value
  -------------------------------------- ---------------- -------------------- -------------------- -----------------------------------------
  **Demographic variables**                                                                         
  Age (years), mean (SD)                 67.0 (7.8)       65.8 (6.5)           −0.92                0.36[^a^](#table-1fn2){ref-type="fn"}
  Sex (male), *n* (%)                    50 (51)          24 (42)              1.02                 0.31[^b^](#table-1fn3){ref-type="fn"}
  Education (years), mean (SD)           8.8 (4.4)        11.0 (4.0)           3.09                 \<0.01[^a^](#table-1fn2){ref-type="fn"}
  Body mass index (kg/m^2^), mean (SD)   24.2 (3.9)       23.5 (3.4)           −1.17                0.26[^a^](#table-1fn2){ref-type="fn"}
  **Physical activity, *n* (%)**                                                                    
  No exercise                            8 (8.1)          2 (3.5)              13.63                \<0.01[^b^](#table-1fn3){ref-type="fn"}
  Low                                    72 (72.7)        31 (54.4)                                 
  Middle                                 19 (19.2)        20 (35.1)                                 
  High                                   0                4 (7)                                     
  **Comorbidities, *n* (%)**                                                                        
  Diabetes                               44 (44.4)        5 (8.8)              21.37                \<0.01[^b^](#table-1fn3){ref-type="fn"}
  Hypertension                           79 (79.8)        18 (31.6)            35.76                \<0.01[^b^](#table-1fn3){ref-type="fn"}
  Cardiovascular disease                 19 (19.2)        7 (12.3)             1.31                 0.25[^b^](#table-1fn3){ref-type="fn"}
  Osteoarthritis                         2 (2.0)          2 (3.6)              0.32                 0.57[^b^](#table-1fn3){ref-type="fn"}
  **Daily function, mean (SD)**                                                                     
   TPIADL                                                                                           
    Total score                          5.34 (0.65)      5.05 (0.23)          5.56                 0.02[^c^](#table-1fn4){ref-type="fn"}
    Time                                 51.33 (20.0)     39.0 (16.0)          7.72                 0.006[^c^](#table-1fn4){ref-type="fn"}
   IADL                                  23.4 (1.2)       23.5 (0.7)           1.49                 0.27[^c^](#table-1fn4){ref-type="fn"}
   BI                                    99.7 (2.0)       100 (0)              0.84                 0.38[^c^](#table-1fn4){ref-type="fn"}
  **Functional fitness, mean (SD)**                                                                 
  Grip strength                          25.9 (7.8)       27.43 (8.4)          5.00                 0.03[^c^](#table-1fn4){ref-type="fn"}
  30-s chair-stand test                  10.8 (2.9)       11.88 (3.7)          3.54                 0.06[^c^](#table-1fn4){ref-type="fn"}
  2-min step test                        102.0 (18.5)     117.3 (33.6)         13.37                \<0.01[^c^](#table-1fn4){ref-type="fn"}

**Notes:**

CKD, chronic kidney disease; non-CKD, normal; BI, Barthel Index; IADL, Lawton--Brody IADL scale; SD, standard deviation; TPIADL, Taiwan performance-based IADL.

*t*-test.

Chi-square test.

ANCOVA test.

Comparison of performance-based and self-reported IADL
------------------------------------------------------

The ANCOVA results revealed that after adjusting for age, sex, and educational level, the CKD group had higher total scores (*p* = 0.02) and longer times (*p* = 0.03) in the TPIADL than the non-CKD group, indicating that the CKD group had poorer performance-based IADL than the non-CKD group. However, no significant differences existed in the self-reported Lawton--Brody IADL Scale (*p* = 0.22) and BI (*p* = 0.36) scores between the CKD and non-CKD groups.

Comparison of functional fitness
--------------------------------

After adjusting for age and sex, the CKD group had lower handgrip strength and lower 2MST scores than did the non-CKD group (*p* \< 0.01 and *p* = 0.03, respectively). No significant difference existed in the 30-s CST score between the CKD and non-CKD groups (*p* = 0.06).

Association between the TPIADL and functional fitness
-----------------------------------------------------

[Table 2](#table-2){ref-type="table"} presents a comparison of functional fitness between the patients with CKD with (*n* = 74) and without (*n* = 25) a TPIADL-measured disability. After adjusting for age, sex, and physical activity, the patients with CKD with a TPIADL-measured disability had a lower 2MST than did those without a disability (with disability: 95.0 ± 24.4; without disability: 104.2 ± 15.8, *p* \< 0.05). However, no differences existed in the handgrip dynamometer score (with disability: 21.8 ± 7.5; without disability: 27.2 ± 7.5, *p* = 0.10) or the 30-s CST score (with disability: 10.9 ± 2.9; without disability: 10.6 ± 2.9, *p* = 0.76) between the patients with CKD with and without TPIADL-measured disability. The results only indicated that the TPIADL result was correlated with cardiorespiratory endurance capacity. In patients with CKD, performance-based IADL impairment was significantly associated with a low level of aerobic endurance, but not with grip strength or lower extremity strength.
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###### Comparison of functional fitness in participants with CKD with and without TPIADL disability.
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  Functional fitness      TPIADL = 5 (*n* = 74)   TPIADL \> 5 (*n* = 25)   *F*    *p*-Value
  ----------------------- ----------------------- ------------------------ ------ -----------
  Grip strength           27.2 (7.5)              21.8 (7.5)               2.71   0.10
  30-s chair-stand test   10.9 (2.9)              10.6 (2.9)               0.09   0.76
  2-min step test         104 (15.8)              95 (24.4)                4.40   0.04

**Note:**

CKD, chronic kidney disease; TPIADL, Taiwan performance-based IADL.

The TPIADL completion time appeared to exhibit normal stem and leaf distribution. Multiple linear regression was used to further investigate the association of functional fitness indices and physical activity with TPIADL completion time, after adjustments had been made for age and education. In the CKD group, a relatively long TPIADL completion time was associated with a relatively low 2MST score (*R*^2^ = 0.46, *F* = 12.719, *p* \< 0.001 for the model) ([Table 3](#table-3){ref-type="table"}). The one-step increase in the 2MST score was significantly associated with an improvement of 0.2 s in total performance time of TPIADL. However, we found that handgrip (*p* = 0.397), 30-s CST (*p* = 0.298) and current physical activity (*p* = 0.616) were not associated with the total performance time of TPIADL.
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###### Linear regression analysis of the association of functional fitness and physical activity with TPIADL time score adjustment for age and education years in patients with chronic kidney disease.

![](peerj-06-5286-g003)

                          Unstandardized regression coefficient (B)   Standardized regression coefficient (β)   *t*-Value   *p*-Value
  ----------------------- ------------------------------------------- ----------------------------------------- ----------- -----------
  Grip strength           −0.22                                       −0.086                                    −0.851      0.397
  30-s chair stand test   0.60                                        0.087                                     1.047       0.298
  2-min step test         −0.18                                       −0.171                                    −2.145      0.035
  Physical activity       −2.76                                       −0.039                                    −0.503      0.616

**Notes:**

Longer TPIADL complete time was associated with worse 2-min step score.

TPIADL, Taiwan performance-based IADL.

Adjusted *R*^2^ = 0.46.

Discussion
==========

Our study revealed that, compared with individuals without CKD, patients with advanced CKD had compromised IADL levels as assessed by the TPIADL and poorer functional fitness in terms of upper extremity strength and cardiorespiratory fitness. Poorer performance-based IADL levels in patients with advanced CKD were associated with a lower cardiorespiratory endurance capacity, but were not associated with grip strength or lower extremity strength after adjusting for covariates. An increase in cardiovascular capacity correlated with accelerated completion time of performance-based IADL in patients with advanced CKD.

Unlike conventional self-reported IADL assessment, performance-based IADL assessment was able to detect mild IADL impairment in patients with CKD in this study. Individuals with advanced CKD may present increasing limitations in the performance of complex everyday activities, although they are still able to do them mostly independently. In this study, the poorer TPIADL performance of the CKD group was reflected in their low overall task accuracy and the long times they required for task completion. Therefore, measuring the complete time of an IADL task is vital to early detection of daily living impairment. The results also implied that using objective measures may be more sensitive to identify early signs of everyday disability in patients with advanced CKD than self-rated measures. Patients with advanced CKD experienced difficulties in completing IADL tasks when the task required efficient performance, suggesting that performance-based measures offer a superior discriminative capacity over self-reported function measures in patients with advanced CKD. The TPIADL is a potentially useful tool for screening early stages of disability among patients with advanced CKD.

Evidence suggested that using objective measures may help identify early signs of physical function impairment ([@ref-3]). Our data supported that patients with advanced CKD (eGFR level \<30 mL/min/1.73 m^2^) were more likely to have poorer cardiorespiratory endurance and less strength in the upper extremity than those without CKD, even though they were self-rated as near-independent using BADL or IADL scales. These results were consistent with previous studies that have demonstrated significant impairment in some aspects of functional fitness in predialysis patients with CKD ([@ref-5]; [@ref-12]; [@ref-28]; [@ref-32]). Patients with cardiovascular limitations may require additional effort or time to complete an IADL task and an efficient cardiorespiratory endurance capacity may be crucial for the prevention of early IADL disability. A study identified lower peak oxygen consumption values in patients with CKD stages 3--5 ([@ref-22]), which suggests numerous patients with CKD who have poor cardiovascular fitness may experience difficulty efficiently completing time-sensitive IADL tasks, such as crossing roads or driving in heavy traffic; that study indicated that decreased cardiovascular endurance observed in patients with CKD may be an early warning sign of a future need for assistance in specific IADL tasks. At this early stage of decline, interventions to promote cardiovascular functional fitness may be a potentially cost-effective approach. Another study reported that patients with CKD who have regular exercise habits may preserve their cardiorespiratory endurance better than those who do not ([@ref-31]). We suggest that patients with advanced CKD may require a behavioral intervention to promote healthy lifestyle habits for improving their cardiorespiratory endurance, which may in turn prevent the early onset of disability.

However, muscle strength index was not associated with performance-based IADL completion time. This implied that fast completion of cognitive-skill IADL tasks may not depend on a high level of muscle strength in the upper or lower extremity. That is, patients with advanced CKD may spend a "normal" amount of time on a task, but they are more likely to experience considerable shortness of breath or a fast heart rate, rather than feel muscle stress in their limbs. In this study, the TPIADL with a minimal motor requirement could be considered as a processing-speed based measure. Similar reports indicated patients with a longer CKD duration had an increased probability of relatively poor performance on processing-speed tests of cognitive ability ([@ref-23]). Cardiovascular risk factors may have adverse effects on the cerebral health of patients with CKD. Future studies are required to determine what type of exercise training programs may best improve processing speed of IADL performance in patients of long CKD duration.

A strength of our study was that it was specifically designed to assess CKD-associated functional decline by examining concurrent performance-based and self-reported measures. Our findings provided empirical support for the need to employ more sensitive and objective measures of everyday function to improve the clinical care of patients with CKD. These objective measures for IADL functioning should assess task accuracy and task completion time. The results of this study also indicated a need for future studies to determine whether recognizing and intervening in functional impairment can alter the trajectory of functional change.

This study had some limitations. First, patients who were unable to independently ambulate and undergo the functional fitness tests were excluded. The results therefore cannot be generalized to all patients with CKD. Second, debate exists regarding whether 30-s CSTs are affected by multiple physiological and psychological factors, and therefore 30-s CSTs cannot serve as a proxy measure of lower-limb strength among older people ([@ref-20]). In this study, we did not measure physical and psychological variables that can be adjusted in statistical analyses. Third, the measures for functional fitness in this study were easily conducted but may not be sensitive enough to determine the effects of aerobic fitness. For instance, maximum oxygen uptake from a peak-exercise test can provide information on the maximum level of integrated functioning in cardiopulmonary and neuromuscular systems ([@ref-24]). Comprehensive muscle strength requires assessment through maximum voluntary contraction or even one repetition maximum of large muscle groups ([@ref-34]). Fourth, to minimize confounding effects resulting from fixed orders, we did not follow a fixed order to assess functional fitness; nevertheless, a convenience order may also lead to certain confounding effects. Therefore, adopting a randomized administration sequence or sufficient rest interval between tests in future studies is advisable. Fifth, a ceiling effect may exist in the TPIADL for most patients with advanced CKD, which suggests that a minor change in IADL performance may not always be detectable using the TPIADL. Sixth, although our results did not reveal physical activity status of patients to be associated with the total performance time of TPIADL, a type II error caused by the small sample size was still possible. Finally, the cross-sectional design of this study limited the ability to determine causal relationships between functional fitness impairment and IADL disability.

Conclusion
==========

This study provided evidence that the objective measure of the TPIADL could be used to identify mild deficits in daily function among elderly patients with advanced CKD. Functional fitness in terms of cardiorespiratory capacity was revealed to be associated with IADL disability in this population. These findings provide potential targets for intervention to prevent the onset of disability.
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